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Abstract of JP2002324913 

PROBLEM TO BE SOLVED: To provide a III 
nitride semiconductor which has higher carrier 
concentration and higher quality than the 
conventional one. SOLUTION: On a sapphire 
substrate 10, a low-temperature GaN buffer 
layer 1 1 and a p-type Alx Ga(1-x) N (0<=x<=1) 
layer 12 as the III nitride semiconductor are 
stacked in this order. The p-type Alx Ga(1-x) N 
(0<=x<=1) layer 12 is, for example, a p-type 
AI0.08 Ga0.92 N layer where x=0.08. The p- 
type AI0.08 Ga0.92 N layer 12 includes Mg 
(magnesium) which is a p-type impurity and B 
(boron), each in a quantity of about 8* 10<19> 
cm<-3> . 
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s-g r own-Cf#<oft&k#;t£>il&. 
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[ 0 0 6 3 ] DM* Lfcfi63Wft«f 1 Tl±. *fH£$S£-f & 

i«aftft*»fe***»ajs*T Pffifl:^* - k tiH 

TV^fc**, £*Uc*tU *»BH«Of^H*JfeT > «. MAIS 
*ffif£0<gj£tn;(7)pMA I.Ga,,.,, N (OSxSl) 

^aiagtcfctti, W$"J L . mm<r> pIA! 
.Ga^N (0Sx=Sl) d k £*WRk L 

TfcO, t^^ikteJiaWfcJI&SiOT'&S. * 

[0 0 64] -f&;b*>. Mg (V^s^A) k|i)B$tc; 
B (tfn>") a^jD^frt^SpSSA I.Ga,,.,) N 

( O^xg 1 ) cOf^^tCfe^T. ^ai»ffl§\+t=# 
sfcii^SSIgmk LT«iNH 3 (TV^-T) 

[0065] MSiDsm#*k LTNH 3 £^ffl-f.g,k£ 

[0 0 66] i/c. *f6BBTii;. III^ttW¥^f*?) 
m2£7)f^^&kLT. Mgk[S]^CB*>'8an$ixTV^ 
SplAl.Gad-,, N (O^xSl ) *fi?#X£ 

tSAtt«iUK^4> <7W$ai£ . N H 3 0}«JIJPH»-Cff % 
iXolzLX^Z. 
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[ 0 0 6 8 1 t£3fe. N HaSH^+^fajjaax- 

*3S^^_^ 3 >-CA "3 pS&ttAftMttftU 

X'it. &&f8.mkcr>i$%l&niZt3\^X . fi^NHj 
#x k f 6 £ k fc «k 0 , 3iB&tt*WJ$ ftfc(B^fii<0 
plAl.Ga,!.,^ (OSxSDAtas-grow 

[ 0 0 6 9 ] 4fc. *#Sr«i» ±ttLfcI I Ifi^-fL??!! 
#1* (Mg (v^i^A) kH^KB (Xa» tfi 
maZtlX^&pMA l.Ga,,.,, N (0Sx=S 1 ) ) 

hZttfX'ZZ. 

[00 70] Srii. iOJ:d*^Ni«aBi. pIAI 
I Ga (I . l) N (OSxSl ) OWttSrffl^Ttatg-rSt 
Wbtitt , ffiBOSmBIBS: k 3 £ k tfX'Z h . ^ 

tp> . ^tm=F. m?-T'<4x&<v&m&b&zk&x' 

[oo7i3 mwmz, tmwtftm^t vxms&h 
i&tz. Em 2 -onmmmizmn £ %imt ^ztizx^ 
x. mMmizmsiz&xi. fit^-vjr^i^ 
tf*kt$&frthi>cox*htii£. zcvmrnimzmiZL* 

[0072] tt*>%. ^m^^tm^t LXli. ffcfc 

■c-^i.^-. zco^mteu-^-coffimimzmfezti 
z>i>nx'izKc<. mmftxm, mftftstw -h^ffim 

[ 0 0 7 3 3 ^Jt. ^BBcO^Hf^S^^SBtSE 

*<4 0 0 n mJJlT<0 i COfc:^* £ k *^T'# h . 
[00 74] i01*»C, Mg (v^ 

i"7A) kisi^cB (-ifo^) irm^ixx^hv>m.& 
i,Ga (1 .„N (osxgn t^ts^tommm.* 
n-f2>¥mtmmz*s v ^x . pm*-$-y?w.m£B& 

-?hnv-9?vmi,z^ Mg (v^>">^) kiaj^tB 

*^SD$^T^i.pMA l.Ga,,.,, N (0 
[007 5] ^rfc. £^Ao^attt:SM<i:. pIAI 

,Ga (1 -,i n (o^xsi ) <,z P m*-$.-/'7mmti i m 

^Z^^ZZtlzXOmfcthLcox-hti 
if. ffS<0fff®5: k «» - k h . ¥ 

^. ^T'^xmcomBZthzttfX'Zz. 

[0076] Mf*:W(C. ^SWfcfBeSH'k LT^B£-r& 
*§^\ IEM ^ 2 ocotESfa^^I ?r EnjHTT &d ktCfco 
T , ?Be^^^mSE$- iiA t . -P £ T'^r -fr U T<7)S^ 
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[ o o 7 7 j -r%h*>. *m&mtm* t lxu. 

[ 0 0 7 8 ] £ fc. *^BB«0^*^g^^«s^3KS 

TZ'&hOrS. z^^m^^m^bLxn. ?&m& 

AM 0 0 nmW.Tcr>i><?>lZ-?&Zttf s X'£&. 
[0079] £tz. p£A 1 I Ga (1 . l) N (0<xg 

i ) zm^z^y?? bm < pffl?r-5 >y?mm*Bi8. 
-$-h^v99vm) ji, mmffimv&mwx'bz&mit 
&<» mtimTmx'$>^xi>&\,\ 

[0080] ift, ^miX'l*. M g ( V^-i^A ) 

tmmzB (,fny) tmm^tix^h pma i,Ga 

(,-,) N (OSxSl) £-£tf¥«#«J18ljtS:*rLT 

^Mfcl— 1f3R-?£. Mg A) tlBI^lCB 

(^oy) *«D?ilT^l.plAl I Ga (1 . l) N (0 
gxSl ) £7 5 y KJf^fflV^-^< i:*, locop- 

n s-g-s-w-f & t ^ic-r § ; t s . 

CcRS^^fL^.tcTj-Cti'Srf. Mg (v? - *^ 

»>-A) kP^CB (^ox) *^P$ixT^.2)PMA 1 

< t i> i - nm&tt-r&uim'mim^mibi' 

— if— 3K*^KSB^IX 0 ttJ ^ n ^. i>0)X'foi\lf£ < . fflffi 

[0 08 2] *Jt. *JMBT{±. Mg (v^S^A) 
tH^CB (*oy) tfmSnSft-O^ p£>A l.Ga 
(1 .„N (OSxSl) ££tf¥?£{*3lg<Dm 1 <0im 
iT&bLX. Mg (-?7*>>*?A) tmtiflzB (tfn 
y) &mu%tlZ^&P§LA l.Ga,,.,) N (OSxS 

1 ) **tfiNHMWmi»fc. **;if;*£*tfRJ6JRT 

±^ t tz xmm&fi & km-? zzbttx-zh. 
[00 83] zzx\ tttsmm^tLxii. mm. $>& 

zixL>iz®%<7)*mz$tsm-&#A. j>&v^(i, mmm. 

mwsnz&m-th z t & . 

[0084] £om*>«**afcJ:;h.tf. MgtBSr 
IHJB^tcSSin LXcom* -V VTWy&<?> A 1 .Gan^N 

( 0 S x S 1 ) OUftjfcgfc . fll58Lfc8HIM[fi£*tf 
&mfS.tfX<t>X'<r)fttflZmA-<&ir£2>ZtX\ t£#IB£L 
^fcAl.Ga,,.,^ (OSxSl) WpigMa 
s - g r ownX'fektlh. 

[0 085] as-grownfpie^lHilSI 



E&fcl/Ctt, Mgfc B^n^zmta^titzpMA 1,G 
a ( ,. t) N (OSxSl ) Ua^rVTm&nitCOtffS. 

6Ml^mitSix&fcftfc#;cUi.S>. Al.Gao-^N 

ikimZixhUriiilzti^Xli. tt*]8H$uc* 
ttLZSmimtf. A 1 GaNcO^RJEJC^-rSiS 
^KWfflRS^-tifc*, A 1 GaN*Sfa^ffi*^«0 

X. ffiSCt^P^A l,Ga (1 .,)N (O^xSl ) A*a 

s-g r own-£1#<ofi&i::t;i 

[0086] ^ffl4>cO#fflm^X(|J{3*^Sr^tf 

nr. $mv>fimz£hmmm&<nrnmtm}kX'Z&. 
ztiimmmsx-im hti-^t^t^mx-h & . 

[0 08 7] 2*:. a*JWR^kUT»4«UC«SttU 
^rV^. N H,»W»t«»IH: J: of*S»Mtift 

[0088] m^Ltzmttm 1 

-fb-^^*lg^xS:-&0#Hm4'-C'«i. *ffi*MfcU:ll 

i«awisiw»4.***»ms *t P M-ft$-r «. c t im 
mx-h&tzib. *m&&£Kc^mm%#x'f&!i!m$:n-o 
x^titf, zhizml. *%mni¥miTmx'\i. m&fc 

ftItOfifiDt«plAl I Ga ( ,. l) N (OSxgl) 

^nfcmnt&m&kzmi-t&zbX'. mad&mw 
.Gao-oN (osxgi) aem-hzb*%m.bv 

[00 89] -r^r*)%. Mg tlimc 
B (.-Koy) tfmuZtlX^&pMA l,Ga a -,)N 
( 0 < x g l ) **tr#*«««<ofW*ifefc:tj^T 

¥H : smm%<p(,ziz£ix&m.mm®b lt«n h 3 ( r > 

*-t) tm^&zbtfx'zz. 

[0090] mmmmtfxb lx n h 3 zmm-tz t z 

Ui. Z<OftMlz£r,X±f&Zix&IE?#mmiz£2,t£ 

m#fi,z%i>tih. 

[009 1 ] £*:. *%PRX'lt. pSAl,Ga (1 .,)N 

( osxs i ) z&ts*mm!im<r>%i2(7>ftw>mb u 

T, Mg (v^^A) bmmiZB (#ny) tfmm 
§ilt^« 1 plAl I Ga n . :) N (OSxSl ) J&-ftr 
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[0092] ZCD&2(OimijmX'l±. i$ifi*>anm%. 

c o o 9 3 ] srti. n u^m^xnmmx- 

#7. & i fc £ J: 9 , IffiM#WJ $ tvfzm.tjLV> 
PIA l.Gao^NfOSxSDtfas-grow 
nT#£>;h.S. 

[ 0 o 9 4 ] OT, *!6BB^in^^t;%^^foJ;t/ 

^x. xmrnizmBM-r^. 
[0095101 ii*muz{%&nimg.-im*mte<?) 
-mz^mx'hh. mi z&m-tht. ^-yr^rm 

m 0±twl^ ^iSGaNA-y^r-ill 1 . IIIiSM 
fcm*mftbLX<7)pm.A\ ,Ga (1 . x) N (OSxS 

i ) mi 2&mmzwaztix^&. 

[0096] ZZX\ pSA 1 , G a (i N (OgxS 
1) mi2it. mtHx = 0. O8«pIAl 0 .„Ga 

[00 97] pMA 1 0 . 08Ga„. 92 NSl 2(C 

tt. pi^ftWMg C?y^>^M,) tm&HZB (tf 
uy) tfls&tix^Z, Z1X\ MgtBli. bi>lz8 
X 1 0 19 cm-3SS^itT^S. 

[0098] pIA l 0 .08Ga 0 . 92 Njll 2lt. =»f^y 
Tffi%Ltf8 x 1 0"cm-3ffifitii;(OpI?:SLt. $r 
13, B£3-£3r^%£ii, **yr«K.ilxio»c 

[00 99] 4fc. 02, HSJi^Bj^^ij^f^ 
ScO-pjS:^-riaT-S>.g.. 02, 03<7)¥gtfl^g{i. 

b'i:***/ y x-y ^tclMlftStifcSSSBafFi: LXflt 

fcztix^z. m2\t^.mmFi-<nmty^^- 
Y<r)%)mmfoizmm?mx'<mmmx'h <o . 0 3 

[0 1 00] 122, E3 2-#M-T2.i:, fB^-ftf-H 
fc 7 * h^-f HtiSfcit^^^S- LT *S 0 . 56 
3fe^^f *- Yco 1 oc03fetBStffiMi: Y<T> 

[0 101] 5&tWr-Yty*Y?4*-Y 
tell— Ofg/ffifcta^SroT^-i). -eeoa^itti. -fl- 
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7T-f r»«20±tC. AlNfflA'.y7T-i2 1. 
nlA 1 0 . 03 Ga 0-97 N3V^^ YM2 2 . nlAI 
o.o7 Ga o. 9 3 HJ12 3, I n 0 ., 7 Ga 0 . 83 N*S 
tt/124. plAl 0 . 0 ,Gao. 93 N?77Hl25. P 
IiG a N 3 7 hJl 2 6 Jf £ftTia£$ft 

[0102] ZZT. pIA l 0 . 07 Ga 0 . 93 N?5-y H 
■ 25. plGaN3y^?H26t:li pIH-A' 
>-hi: UT<7)Mgt|5l^ft; s B ^K-b'V^ 

[0103] 1^7*1^*-^ ± 

E«t^JaSrpffiGaN3y^^ M2 6^I*>i5n 
SAl 0 , 03 Ga,. 97 N3>'^?M22iT'X7f>'/ 

o. 03 Ga 0 .97N3V^^h^2 2W«®*^aiL, fSiiJ 
LfcnSA 1 o. C3 Ga CJ7 N3W h«2 2±lC,i, 
T i /A 1 n «*- $ y 2 9 #7Bj£$fX 

!GaN3^7 J~J!2 6_mi. Ni/AuH5;5 
p»*-S -y ?«fli2 8*gg^StLTV^. 

[0104] $ ^tw3f- == -y rmm&yco&iHzii. s 
■t. *m&mm2 7±ut. ti/ai *^=3r§Emm 

fii3 0^fi!c$i^Tfc , ), ifi&««3 0«:. mtVA* 
-Vt7* vyj *-Y<r>*tl-?tlcr). pfflM— = y7 
W28t HSWKSIf ? tlX V > S . 
[0 105] ^^Jr-h*t7*h^+-Kc0lSlffi 

Tt^-f H i: 7 * h ?4 h* c7)SS:tfr LX # ^ a 
WmtK Zit^tl. 3ttlittffiES2 0 2 fcSftffi2 0 3(C 

120 1 t^r&„ 

[0106] H 

W^F<Opffl3, nffllj}--5-y^mffi(c:li^r(S]fc|,(,^3£ 
3KaiSt«ffi20 1. 2 0 2*>£>#£ilja«-&. -fL-T, 

7 * h r-f 3t- h tciej i, ^tzftftmum 2 o 2 t>t> mi* l 

7* h^5t-Kc0^ffi2 0 3CAI*L, * 
€>fc, %3t<7)e-7^#.i. #)4 l2nmX'b~?fz. 

[0107] mz. 02 . micotmsmftxm^wt 
mim.miz^xwpfi-?h. zcwmnMrnx- 
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[0108] zcomummxa. &-r. ^-yr^rm 

WL2 0 &%Jtmi£-k y b- U JimX*.*. 112 0*CT 
[ 0 1 0 9 ] <Kwe, iag£ 5 2 o-ctTtf , eiyi#B 

m^NHat^t^Oii^^HmCL, TMA 
SrSSL, (RiSA 1 NA 7 7t-2 lSrttRL/v:. 

[01 1 0 J iKWt\ iftg£ 1 0 7 OTUCLWf . *fg£ 
^f-v 'J TtfXb LTTMG, TMA, SiH, 
fcirt+TtftteU nlAl 0 . 03 Ga 0 . 9 ,N3^?M 
22Z3um<?>&$^ niAl,, 07 Ga M3 N?77H 
12 3 5:0. 5^m<Ol?$(C«^«Jlt7t. 

[0 1 1 1 ] KtvC. *m#xcomte£±ib. #H^£ 
NH 3 fc^<?)ii^X|?H^cL. *&g£8 1 O-CK 
Tff. *^£*-r VTtfXb UTMG, TMI^ffe 
L, I n 0 . 17 Ga 0 . 83 Nvgtta24€-5Onm£7)J*$tC 

[0 1 12]&UT\ l?HS,^NH 3 fc^t7(<^iI 
^X#HMICL. 10 7 O-CfcrJiJf, 7k*5r=¥ 

f'J7#Xi:UTMG, TMA, (EtCp) 2 Mg 

&£VB 2 H 6 £m.mz$>fritzmteL. piai 0 .„g 

a 0 . 93 N^5-y FS255-0. 5/xm<7)Jl$, pIGa 
N3V^^hJ12 6$:0. 2//m<7)®S(C)llI»:«aL 

HSWT. 7 5 O'CX'l 5ft'®<r>mm*'{i'>tz. 
[0 113] mz. «i3 0/xm, J|£ 5 
^->-$r*$*r6]t 5 ^ mm LX 2oMK/ i y^_>-$ r 

LX. V?myl-y7-£n\<\ $my-4*-vty* 

ffcf&bbi>lZ. nlA lo.o3Ga 0 .9 7 N3^^^ hit 
2 2 

[0 114] Hcwe. *&t§«^ffit2 7fc:5:.£>S i 0 2 £ 
HJlftji^EKift 0 . 5 u m(7)m £ &*tiR L/C . 
[0115]*>T. pffl!l^-5-y^«flE2 8 5-^L 
. P MX— S y 2 8 c9^j£JDg{i«:coii 0 T* 

Ltl®. *6^«aM27SrX-y^-^LTpMGaN3 
y?? M2 6£!Stti$-£&. 

[0 116]<J:UT, pffl|jr-5 -y^««S^TJ>I.N 

i/Au^itu, >>^-z?m®miz& 

<0±gP£pra*-S-y?m®M?->-£7Bj£L7t. 
», SX8a$W>. eOOXJTDMBSU p|GaN3 
y?? h®26tpffl!l^-$-y^mfii28Sr^L^. 
[0 117]»:HT\ nfflbr-S-y?m«S29i:ffi|gB 
m3 0t£&fSLLtz. nM*-5. y7W.m2 9tm&W. 
m3 0co&f8JMli<!KcoM*)T'b&. -f&;b*>. ii\ 



nlAl 0 .o3Ga 0 .9 7 N3y^? FJf 2 2±gS<5DS iO 
2 M2 7±£. P F Tift 1 0 0umi&(OZ*Ab7 
-f^V-yfcJBULftft, Si0 2 I27S-x 7 fy 
^LT nlA 1 o. 03 G a 0 . 97 N3^^KI22 £fS|±S 
U^hJiSL, SBUyXht, £ 
0 t nfflimfii2 9C0U 7 h^7/^->S:^ 

STi/A 1 fcUfcLfc. ^xyNSr^^jpf 

^?->ZMi&Lfz. m.mwmx'4 5 0'cx' 

«U ni^-S'/?l!i2 9«Lft. 

[0118] ttz. m4\&*ftmzfa&^mm<7M 

7 * h *W F t LTlfJSSilT . 
[0 119] S4£#!&-r&fc. < r«D7a-F2'4*-F 
ii. t7T^7«t4 0±tC. i5iaGaNys'-y7r-ii 
41. nIGaN3y^;M42,ffiignlAl,. 1 
Ga 0i9 NA'7 7r-l4 3, nlA 1 0 , 08 Ga 0 , 9! N 
ffl44. PSA l 0 . 08 Ga 0 . 92 NJ145. AlN^fy 

tma emmxizmmzixtzmmmmttix^z. 

[0 120] ZZX\ PlA l 0 .o8Ga 0 . 92 N^4 5lZ 

pIF-A-yht LTc7)MgtIBlB#{c: s B (#o 
y) tfF-tfv^SiiT^S. 

[0121] -f-LT, ±ieWSffijtSrA 1 N=**yTJB 
46*^nMGaN3y^7he42#lltil-r^tT*X 
■yfy/LT. K&l 5 0jum<^^}ta^j£;**VC 

[0122] ^^jfiSPcOA 1 Ndf A"y7°«4 6«i. 

^<^mti u Jyymzji-y^->y^ti. p iai 0J6 g 

a 0 .9 2 NJ14 5iOa®^ISaiL.TV^„ SffiUcplA 
1 o. oeGa 0 . 92 NJB4 5«0^®lC{i'J y/t^pffl^- 
S-y^mfii4 83&^^:$*T.-CV->i.. iJt. ^tBLJtnM 
GaN3y^M4 2C{inffl!l^-5-y7mfii4 9*< 

[0 123] ^Jt, ^-5-y7«ii4 8, 4 9*5M$ 
ftT^**4H2W*ra*tCliS i 0 2 te^S«SM4 7# 
MtftZtlX^Z. ifc, ^-^ISjStBIHfcnSGaNny 
M4 2i<OS i O i JgSftli4 7ifcli, pffij 
Jt-S -y ^mfiE4 8*>45l^aj^iXJtEia««S5 0*>'j^ 

[0 124] i4<07* h^^--F(CfcV%T, ^-9"^ 
Jt±gP^ ij yrtiw P d^-- 5 -y ?mM4 8 T'H^n/c 
SP^*S5te®3 0 0t7jr&. C1C07* jT-KICjS 
><4 TA* ma L . 5?#H 3 0 0 (C3tS:M»f-r S i: . 3fc 

^scwjBL^^m^Baxs . 04 <07 * b ?4 * 

- F<i, 3 4 6. 1 n mi 0 5®V b 

Lxmm-h. 
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[oi 25imz. * x-wimum 

•y h U *«^4>, 1 1 2 O'C-CinSftU msLA OCO 
[0126] i&Jg£ 5 2 OtCW. #B£\£ 

n h 3 * aig t *.$$<?>m-&tfx%mmz l . t m g s-sk 

(gfSGaN>'< y7T-il4 l£Jt1fL*:. 
[0127] &v^T\ i&KSr 1 0 5 0*CK±ff . TMG 
i:S i H 4 £tfcl6U niGaN3y^?h!4252 
jumcoHiXfclgJf U &^X. i&g£6 OOTCtTIl 
TMGtTMAt S i H 4 £«J6LT, ffiiSnMA 1 0 . 9 
Gaj, 9 NA 'y 7 r — MA 3 Sr#j5 0 n m<7)fiic*{Ct£fl| 
&V>T\ 1 0 7 0X;t±(f » TMGfcTMA 

k S i H 4 £«&LT. nSA l 0 . 08 Gao. 92 NJi44 
5-l^m<7)/f${cS®L^. 

[0 1 283 <fcHT\ S i H,<7)t!tte£ik#>, (EtC 
P) 2 MgtB 2 H 6 5rfit*&L. PlAl )J8 Ga,. 92 N 
Jf45£0. 5//mcT)J?§» a 1 N4f-v •y7°J14 6 Sr 
0. 1 /xm<7)^$^«L7t. 

[0 1 293 ttAjft£*7&. pM®c7)ffi»St^?t 
tf>, gfgf?HSWC, 7 5 O'Ctl S^-^S^S:^ 

[0 1 303 mz. rtS130«m, *Mgl 4 5j«mc7) 

*tV\ AlNJf-fy7l4 6iS:X7f>/iiL pI 
Al 0 .o 8 Ga M2 Nl4 5<59^®5rHaj Ufc. 
[01313 \t94x.v+yjTfBALtiVy 

iW&thkklsliZ^ nMGaN3>-^^h®4 2$-Sf 

[0 1 3 23 iVS^hv^fclifrSLfcflL »7XVn-£ 
77X7CVDgIfc-t7bL, ^BSdS i 0 2 ffi|4 7 
$r*t>0 . 5jumJt«Lfc. 

[0 1 3 3] iKWC, pffl!l^-5.y^^:®4 8 5-^mL 
fc. p»+-$ ••/ ?mM4 8<vmfSj:mii!KcVM'0X'b 

V*#J5ftUfcflL Si0 2 i4 7S-iJ>/ 

«C)l7hX.yf^tll, plA 1 0 . 08Gao.92 

NJ14 5Zm&Zlth. KOT, Pffi!|3j--S y^«fii« 
m-*I.Ni/Aul:MLt. *<9f£. ^x/N-Srlr 

fL^m€g«$: *y-±.mz P w*- 5 -y 

0 0'Ct«lU, plAl,. 08 Ga 0 . 9i NI45t:p 
{KM"- 5 y ^^fig 4 8 SttB* L/c . 
[0 1 343 ifcWC, nffi!|5r-$-y^m«i49tffi^m 
S5 0t^MLt. nffl!)^-S-y^m«g4 9f:E^m 



fig5 0^«Xgii<>:OffiOT*i». i-f. nIGaN 
3>-^^h®4 2±gfC0SiO 2 M4 7±C Uis'Ah 

X'xvzmtsm&z ->zmwLLt:tk. sio 

J l47^l7fyy'UnIGaN3^?M42 

T\ EtS«fi§5 Ot n(B!imfii4 9«0'J7 

WS. y^miifcffililSiW 

STfc*Ti/Al*3!l»Lifc. *cOflL ^xvs^^ 

^mfiS^SrU7hJj-7L, nffi!|jf-S y^m®4 9 

t laamsi 5 oco^;? ^ot^ 

B^4>. 4 5 0X:TJ!W(B»iU nffl^-5-y^mflg4 9 
[0 1 3 53 4fc. l35(i^Bfl(cffi«.^S«^IS<7)fli! 

m#i>— f-eo^ttam^mzmm^mx'^mmmx'h 

[01363 05 £#BS-f & k . ,1 O^ttU-lf- 
Ji. t7r-f7i«6 0±fcI N A 1 GaNffiia^N' y^r 
-JB6 1, nlA l 0 , 03 Ga 0 . 97 N3y^? hif62, 
nlAl,. oe Ga OJ! N;77H163, nlGaN^f 
■i KB 6 4 . In M5 Ga MS N/In 0i)2 Ga 0 , 9B N 
^Sfi7#F*SttJf ( 2^T) 6 5, plAl u Ga, 
. 8 N166, pMGaNtf-f KJf 6 7, pIA1 0 . 08 G 
a 0 . 92 N^5-y h*S68. plGaN3y^^M69 

tfimmzmmztixBfoztix ^ a . 

[0137J ;it. PlAU.iGa 0 . 8 N166, P 
!GaNMHI6 7, PiA 1 0 . 08 Ga 0 . 92 y 

Fif68, pSGaNn^^hjf 69£ii. pIH- 
v^hi: LT<50Mgt|3]Kf{c:, B (#n^) tfb'-tfy 

[0 1 383 ±iaS®ilJt{i. PlGaNJV^ 

9 h®6 9«iI*'t)nlA l OJ 3Ga 0 , 9 ,N3y^; 
hil6 2^-C'X yf-y^ii. nMA l 0 . 03 Ga 0 . 97 N 
3>-^^ha6 2^H*<fStbLTV^. HtbL^nM 
A l 0 .03Ga 0 . 97 Nn^;?:?f-Jf 6 2±(Cli, Ti/A 
l*^=3r&nffl!|^-= y^«ffi7 27WE&££*rO->s„ 
[0 1 39 3 *Jt, pMGaN3>-^^hJ16 9cO^BD 
*'f>p!A 1 0 . 08 Gao.92N^7-y KB6 8<7)^4>iT' 
Xy^-y^-^ix, ttSEft*y y^'«3*4 0 0*^$ix 
TV^S. -?-LT, U-y^'1SJt4 0 0c0gaffic0pSGa 
N3^^M6 9±i:il Ni/AuK^pi* 
-S -y^«fi57 \imti&h.X\^h. 

[0140] ttc. mw&f&®amt. tm&tm7 o 
ktxsio 2 tftmzi\x^h. zlx. im&wm 
7 o±tc:(ipffl3mfl§*^?i#a3$fL^Etamffi7 3tm 
fcztix^h. 

[ 0 1 4 1 ] *LT. aJUtittmat^'J ~/i?ffi&k 
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[0142] Z<r)*mftls— f-e>wm7 1 . 7 2 cm 
h b U—f-Zm-rz . ?SjgifclUij£;4 09n mX'f> 

h. 

[ 0 1 4 3 J i»c, H5<0iN»*U- if-cOfmr^CT 
-<nm®W&<0&i&&mZM O C V D &Tif o Jt . 

[0144] zcofmxmmviz. z-r. vyr^rm 

WL6 0 SrRiE^tC-bv h U . 1 1 2 Ott 

M*U S«6 0tf0affi$-^ , J-->'^L! , t:. 
[ 0 1 4 5 ] iKWCs iagSr 5 2 0"C{CT«f . #B^Sr 
NH 3 fc^fc7k^(7)ii^-^#HfvCL, TMGfcT 
MA^flSL, MA 1 GaNA 7 7r-l6 l£it«L 

[ 0 1 4 6 ] iX^X\ &JgSr 1 0 5 0'C(,Z±.W . 
Jft'JT^tUTMG, TM I , SiH 4 $-«^(C 
&*>-ti-T«&U nlAl 0 . 03 Ga 0 . 97 Na^?H 
6 2£2//m<OJ5£. n^A 1 0< 08 G a 0 . 92 N? 5 -y F 
J163£0. 7;um<7)JIcK nfGaN^ Pi6 4i 

0. lumnmztzmmLti. 

[ 0 1 4 7 ] fcwc. *X#xe>fttt£ jL#>, #BS\S: 

n h 3 t g.m<r>m&tfx%mmz u 8 1 o -ct: 

TW\ ^RSr^-vUT^kLTTMG. TM I 
U I n,,, 5 Ga MS N/I n o.o!Ga 0 . S8 N^Hf 
#FvSttS6 5 ( 2^T) *jS*Ufc. 
[ 0 1 4 8 ] <KWC. f£J|#H^£ N H 3 b mMb *m 
<7)i&& tfXgfflfMZL. 1 0 7 O'CKLBf . *irt 

Jr+'T 'J7#^t LTTMG, TMA, (EtCp)j 
Mg, B 2 H 6 $:®.mz$>fritxmteL. pIAI 0 . 2 G 
a 0 . 8 NJ!6 6£2Onm(7)J?$. plGaN^ Hi 
672rO. l/xmCOlfc?, pIA 1 0 . 08 G a 0 . 92 N ?7 
•xh'^685-0. 7jxmC7)m£. piGaN3V^?b 
Jf69£0. 2jum<y)H$fc:«Jf L7t„ 

[01493 tsamsmT». pmmnimmtntz 
mmmBfa&x-. 7 5o*ct-i sttfflcommzn 

[0 1 503 l^i^'X NTiS4>umcr)Xh7^r 

v^-^Sr^OiSLe-yf-l mratMLfc. <IC0U>-* 
Ab'*?-y&-?X7bLX. i&O. 7 txmnmZZY 
Uzz-yj-yfLX, 'J'yxl^OO^mt. 

[0 1 5 1 3 l"iSAh~?A7$m£Lfi:mz. Zt>lzu 
^K''J y^jt4 0 0S:Sai|a5 0 Ox/mcOXh^ 

UisXb^?-y$:~?X7bLX. . 5umcoMZ 
iZby^JC y^-y^tX. nlA l 0 , 03 Ga 0 . 97 N3y 
^^hS6 2S-iStt5$^c. <K»vC\ «fi*i&gSJII7 0£: 

s i o 2 zmmmmcommzv) o. 5u mtm l 

[0 1 5 23 &»^T\ p{ffl^-5-y^«ai7 l£^fi)cL 
tc. P IBI*- S y 7 1 <J5Jgj£XgJi»OTjI 0 T'J> 
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tthh. t-f. U y^«it4 0 0<?D±S?t. 
xhT > ***h?>f7V'«*--v£#rtUfcflL siO z 

I70S-X 7 fyy'U l j7i''±^piGaN3^? 

hT'#J4 5 0 umm<Oj<*X h^^f 
SrftyfiJcU 'J-y^^pffll^-S-y^meSW^T^SN 
i/Au*D»Ufc. ^xyN-J-^-fia^Hc^ 

iV7h*y LX „ ¥*ft^-iF-«o?8Jlf8i£_U;:<9* 

#fflm+, 6 0 0°CT-^aaL. pIGaNay^^h 
®6 9l,Zpm*-$.-y7Wm7 1 £jg|£L*;. 
[0 1 53 3 &»vt\ n«^--S-y^m«i7 2i:gai8« 

&7 3 bz&f$.Ltz. nm*-$.-y?w.m7 2bmm 
m7 3cm®j:mi<!z<?)m<ox'bh. -t^h-h. t-r. 

nlAl )J3 Ga 0 . 97 N3y?; hJ16 2±8B£DS iO 
2 ffi*7 0±tC, U^HT'fil 0 0juTnm<7)?*Xh7 

4TW->&Mi8.Lt:tit. SiOjl70^x.yfy 
/UnlA l,. )3 Ga 0 . 97 N3y^? HJl6 2£:SgJiS 

•c, pwmm±bnm*-$ y?m&z&!&-t&®fHz 

5 y ? tttttm IE^m«S«WT'J) STi/AlO 

nffl^-« •y?mw*?—>-b%m.'&wif— 

n Jffljj-- S y 9Wm 7 2 »»A L7t . 
[0 1 54 3 <X^X\ ?7T4Tmfc6 0£m<lR® 
'J -y ^*«i&4 0 0 tceiiaSttfc^ ZXdizPl*). 3t 

[01 553 4fc, 06(ifr^cOmi<?>ff^*ST'#ii{ 
L^IIIfi^^^^ (plAl.Gao-oN (OS 

xsi ) ) <?>-mzw*ftt&tztb(omx'b&. xvmm 

IC. !6liW^plA l.Gad-.jN (0§xg 

1 ) vm>&BakwmmL*imt&izto9meh 

ClcoOTT'Ji. pfAl.Gan^N (OSx 
SI ) liplAl 0 , 09 Ga,, 9! NT'J>0, ^ B B a^^1^) 

(MMHy ) T'fc|,fc L■CV^^: 

[01563 mez^mthb. i-r. v-yr-irmm 

8 0 5:MOCVD^gtc-fe-y hL, yfcigtfX'K 112 
0*CT-i)l«ftL, m$.S0(rmm : $:9V--yyLtz. 
[0 1 573 ifctvC. iagj- 5 2 OtCTIf, #H^S: 

UT^tLT, TMG (N'J^f/^^A) 

fiSGaNA'77r-18 1 £*ft«bfc. 
[0 1 58 3 K^T-, iSSS- 1 0 7 0*Clc:±tf. Illffi 
il^i: LTTMG ( hU^^/P^U^A) b TMA ( h 
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X (EtCp) 2 Mg£, g^JSSt LTt/^ 
?-;L-t K7i?y (MMHy) Sr. $ MCB,, H 6 ^•M3^^;y 
Xfc**;#;^©1^tf;*fclllmc^^K^ pIA 
1 o.08Ga 0 .92N«82S-^f B ^L^. 

[0159] tsAAJittc. ummmt p if-^ 

hM^t B 2 H 6 ?)fit&£jj:tf>, (£fl«0$U6 
%) t§I^t ; E/^f;l'tH7i'V (MMHy ) (O 

[0 160] #fflf&, ^x^-SrlXOIiJL. «£ H B B ^L 
£A 1 M! Ga M! Ne B a B 8 2<7>a®Cfl;ffi5-^LT 
^-^aO^S-ff-^Jt. .!<59&3c, Al 0 , oe Ga } , 9! Nl 
8 2<9*A- , J7mg«i8x 1 0 17 cm- 3 t'<£ffifjt<?5pS 

[0161] H7. 08{iM^comi<7)#S{^ 

6. 07, 08<9fytt'{2:, If? 1 coftsSfcSr&fcfc^ 

LTV>&. *>fc, 137. m8er>MX'!,±. *mftmWiiy 

0, m8ii7*Y-y4yt-vt%mmmmcr)8ig! 1 f8.fk 
i£coftmm,zmw-ti>tz*h<?>mx'$>h . 

[0 1 62] 07, mQ^mthb, Z(r>7*Vy4 
*-h'ti, nlGaNSfi9 0±C, ffiiSnllA 1 o. i 
Ga 0 . g Nv<'/7r-J19 1. nlA 1 0 . os G a 0 . 92 N 
192, plAl 0 , 08 Ga 0 , 92 N19 3, AlNJf+7 

rii 9 4 vmmzmm stix mmffi&z % lx v m, . 

[0 1 63] lit, plAl 0 . 08 Ga,. 9i N19 3K 
ti, pMKw\\xhfcLTWMgt|B|B$t;:, B (tfo 

[0 164] jfc*:, mi^m-thb. A 1 Ndf^-yT 
Jf94tiiffill 5 0,um<7)nm:?S£;fi. -?-«0^H«ix 
•y^^Sfl, plAI,. 08 Ga 0 , 9! N193<O$W 
HtULTV^. fgiBLfcpMA lo. 0 8Gat. 92 NI93 
<?5^®(CJipffl!l^--S y?««9 5im&LZtlX^&. 
4fc. nMGaN^K9 0<7)Sffi(w(inffl!|5i--S-y^« 
fli9 6*<^$^TV^. 

[0 1 6 5] 07<7)7*h;JM*-b*T-«:. pfflbf-S 
•y?«ffi9 5THt^n^gP^S*ffi6 0 Ofc^t 

M6 0 O^SrMSft&t^^SCWlSL^mSfE* 5 
07<7)7* h^it-K*;)^ 6. lnmiO 
ItM^te&X'COft-tyy—t LX®&t&. 
[0 1 66] 07CD7* h^tf-HO:, as-gro 
wnTpSA l 0 .08Ga 0 . 92 N®9 37^f^i!J§*XTV'>i, 
<OX\ pQitnfcfrco&tfimZi&gbLXi'^^. 

[0 167] »|c, 07<O7* h^^-K^tt^friS 
S-BiBB-r§. nMGaNS«9 0S:SJ£mc-fe-y 



2 0-CKMftU S«9 0^®S-i7'J--V^L^. 
[0 168] &^X\ aSSr6 0 0*CtT<f , NH 3 t 
M*t*5g«0ig^X#fflfvT', TMAfcTMGfcJ;^ 

MA 1 o. i G a 0 . 9 NA' 7 7T-I9 1^5 0n mcOH 
SKifltU <X*vC, iSJffiS- 1 0 7 0X:tc±tf , TMG 
i:TMAkSiH 4 iiJ&U, nSA l 0 . 08 Ga 0 . 92 
NJf 9 2£ l,um?)J5$(;HgJIL£. 
[0 1 69 ] ifclrVC, S i H 4 cO&if£Srik#>, (Etc 
p) 2 Mgt B 2 H 6 Srttl&L, PMA l o . 08 Ga 0 . 92 N 
Jl93£0. 5jumc0Jl$, A 1 N^f -v -y:7'Jf 9 4 £ 
0. ljLcm<0»SfclWIUs. 

[0 170]»>t, TMG, (EtCp ) 2 Mg, B 2 

sg^x (±w<r>6%) xmrnsMzLxmsttx 

[0171] ifctc. itgl SO^mWPJfA-^-X^l/ 

T, K^-fx-yf-^fcfrW VT.^/^-yJ^I-WA 
1 N^f^-yrJ19 4S-x.yf->-^^L^. 
[0 172] ifcvve, pfflW-S y^*fii9 5«r#J*L 

£. PUB*- 5 -x ?«fii9 5 OJBtfenHIJi&iDil 0 "Cfc 
-f%±>*>. 4-f, Al N^77f9 4(7)RiA^ 

-yJiKV ^XhTlKll 4 OjumORjgW^-iyS- 

j&s ufctt , p m*- wmmx-h sni/au 

LT, Al N^yrJI9 4<7>m®W t £|$£L*:. •?■ 

o. 0 8Gao.9 2 NS9 3Cpffly?i--S y^SSg9 5S:^ 

[ 0 1 7 3 ] ^K9 0WS®S-J9T^L, Jf££ 

*f;l OO/zmtcL-^, nM^-Sv^TOttR-C** 
Ti/AI SrlWUi. -e<7)f£, ^#HmT'4 5 O'C 
T^aaL, nfflM--= v7Wm9 6$B&Ltz. 

[0 174] £tz. 09, 01 oimftominitWi 

mx-im i?c*mmim<?>f!><?>mzmm- %> i&><mx- 
*>h. ^fc, 09, 01 ocoMx-ii. minimimiz 
fc^-c, &mmm$K<p<,z&£tihmmMmiiNH 3 x'*> 

htL-Xh. £tz. 09, 01 OtfOWlT'ti, 

Brffi0, 01 0li7* hr^?r-Hi:^€,a^jtc7)^ 

[0175] 09. 01 0£#Hg-t&fc, dc7)7*h^ 
-f^-KJi, nlGaNMlOOlt, (KiSnMA 1 
o.iGa„. 9 NA7 7r-Il 0 1 , nlA 1 ,., 8 Ga 
,,i!N1102, pIA l 0 .o«Ga 0 . 92 Njll 0 3 AW 

mzmmztixmmmmz* lx ^i. 

[0 1 76 ] ZZX\ plAl 0 . 18 Ga 0 . 9! NllO3 
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[0 1 773 4*:. d<07* h^>f Jf-K(i» pIA 1 
M 8 Ga 0 . S! Nll 03HnlGaNSSl 00*<Si 

[0 178] *LT, *Vffimt^y^y?'l l z£iX& 
HJ$^nSGaNS«l 0 0±(C{i. SiOM 

1 0 4*^j£$#ro^. 

[0179] x*rmm.<?>±M<?>s i o 2 i&g)K i o a 

y/ttfcx» fy/Sft. pIAI 
o.o8Ga 0 . 9! Nf 1 0 3cnmatm^,LX^h. StfJL 
fcplA l 0 .08Ga 0 . 92 N®l 0 3O^Htti, 'J^/ 
#<7>pffl!br-$ -yaffil 0 5tf»j£3*l.TVi*. * 
fc. ^fiSit^WBfcx.y^^cioTSSftLfcnM 
GaNIilOOlWS i O ! j6iffiill0 41C 

«. p«*-s-y^«aio5*»^gi*ait»*ifcK«« 
si io 7tm&ztix^&. 

[0180] ifc. nlGaNiSl 0 OWlffltlin 
ffltt- 5 ? ?«K 1 0 6 V ^ . 

[0 181] 09O7* h^TT-FT'Ji. .X-9-fltiftJb 
SPO'J >-^tt<Dp«jj--S y ^Sfiil 0 StiiflfcS 
**^7tffi5 0 0i:^^. Z.<T)~7* hrj *-wzmj< 
JTXZQUNL. g7tH5 0 0^S-H^tfrSt, ft<r> 
*m),zftVb LJt3tmSE*Wt 6.09cO7*l^>r:t- 

Kii, 34 6 nmi 0 t>MV ^«T<03fc-b V^r-t LT 

[0 1 82] m9<r>7* hy-iX-Mi. as-gro 
wnTplAl )J8 Ga M2 Nil 0 3tfim2tlX^ 

[o 1 83 3 mz. m9<ny* hy-ix-Ynimnm 

ZWttk. t-f. nlGaNiSl OOSrgUfc'gC-te 
•y hL, yk^fc^tT^^T^X^ii^Xcf, 1 
12 0 o C{cM*U S«100^IiS'?'J-^L 

[0 1 84 3 <X^X\ iag£ 6 0 OTHcTtf „ NH 3 t 
g^fc*ISlO;tg£;#X|?Bja,T\ TMAtTMGfci^ 

IA 1 ,. 1 Ga ) . 9 NA' 7 7r-ll 0 1 Srift 5 0 n m<0 
JfSKifgfU <X^X\ aSSrl 0 7 0*Cfc_Bf, TM 
GtTMAtS i H 4 SrfltJa LT. nlAl,. 08 Ga 0 
. 92 N110 2Srl//m^)Jl$(caJlL^„ 

[01 853 S i H 4 <7)gtte£it#>. (EtC 

P> 2 Mg£ B 2 H 6 £gt&U pSAlo.osGao.92N 
/fl 0 3£0. 5^tmtfOJS?lcS«L^. 

[0 1 863 TMG. (EtCp) 2 Mg, B 2 



mifx (£w<?>6%) ^m^/fxms^zLxmi&tx' 

[0 187]tf^vc\ Ui!xbTm.mi 5 OjumcoR/N* 

t, h^'fx-yfyy'^V ^$^2/im(0^-t»tt 
*»rtW*kttfc, nlGaNMl OOfcfgtBS-tt 
Jt. 

[0 188] U^'Xh-7X^Sr^*L7tm. ->X/\-£ 
^XVCVDSSMK-fcy hU »S i O 2 il0 

4£#jo. svmomzizmmLtz. 

[0 189 3 ifcWC, pfflbf-S y^mSil 0 
Lie . p US*- S y ^ m 1 0 5 comHSJi&Oil 0 

yVtcoz^W-yZmtftLtz®. SiO 2 Kl04£ 
'jy/ttwx.yhxvfy/'t^. pIa lo.osG 

a 0 . 92 NJf 1 0 3Zmiii2 J £&. <Z^X\ P«*-$y 

rmmtmx'&zti i/Au^tuc. -e-otiL ->x 

5*<K 600X:Ximmi,. PlAI,. 0! Ga 0 , 9! Ni 
1 0 3fcpflObJ--S-y7^fiil 0 5SrJg«t7t. 
[0 1 90 3 ifcwe. EH«fiil 0 7t»)tLfc. 

Wmi01<omWa.mm.<r>m r )X'hh. -r^r^. 4 

■T, gg&fg&l 0 7cOU7h3f7/^-y 

*WC. T i /A 1 £ 

3K*W:. -?-<Df&, ^XMS-^rfil^J+WSL. 

v zmfrLxuax bi.izmmztitz'mmt®* v y h 

BHt«K10 7*#j«Lfc. 
[ 0 1 9 1 3 <Xwt\ nSmfigl 0 6£*«1 0 0<9g 
®tJB(SLfc. -T^*>. SKI 0 0<7)IW:Ti/A 

i £i£tu mm&wfs.*. 45ox:x'mm 

U nOl!br-$y?mfiil0 6£^(£L*:. 
[0 1921MC. MisyiTteffW 7*vwt 
-HSrf-yT^JiLJt. 

[0 193 3 *sfe* 121 1, Ell 2(iH?^t^2<0# 

0T-&&. 011.01 2^j-c-{i, *mmm 

0 1 2(isgH^BtM^^ h *hmmmm<?M 
&&&tk<n<$m&nzmty^htz*b<rmx'$>h. 
[01941011, 01 2z^mtz>t. w&ty*-* 
- Y\m.t>m3i\k<mm: lxh 0 . mt?4 *- 
~Mmtfftttimmmt%ix^z>. 

1 0 1 9 5 3 4fc. «*^-f 5T- Hoa^jtti. nl 
GaNSIllOlC, nSAK. 

07 G a 0. 93 NflSiS^^ 

777-11 11, nlAl 0t2 Ga 0(8 N;77Kil 
1 2. A 1 o.o7Ga 0 .93N«ttJIl 1 3. pIA 1 0> 2 
Ga 0 . 8 N^77KI114, pSGaN3V^; hjf 
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I 1 5 3WR>cfc:WJBSnT»jji3fiT^&. 

[0 1 963 PlAl 0 . 2 Ga 0(8 N;77Kl 
114. pIGaN^y^; hJil 15CI1 pSPRK 

«rc» & m g t mmz b wmtnztix v ^ * . 

[0 19 7] »je^>f*-K<OpS!GaN3V^ 
^M115±CI1 N i/Au^£*£pfflbr--5 »y 
^m«il 1 6^MJiitv^. 

CO 1 98] 4fc. S«l 1 0<0H®k:li:. Ti/A 1 

[0199] ^<nmt?4 *- wwmizmm 

I I otzttLxmxtz&i&ztLxm. 

[0200] Z<n$tzfty4*-Y\$. pffll, nfffl^--^ 
y^Uffil 16.11 7(CH@*[63WN'>frxS:^(t^ 
fc. ^^^*-H<50HB!lffiTft^3taiSt5gffi7 0 0^ 

tWifcHte. ^3 5 0nmTJ>o>t:. 

[0201] mz. mi i^mn^-h^m 
¥t±M*- vcommmmnMoc 

VDmxtefti&RLXimLt:. i~T. niGaNM 
1 1 0£RJG*fc:«fe-y T>*:-TtfA#. 1 1 2 
O'CT'MfcU Sfil 1 OcOSffifc^y-^V^Ut. 
[ 0 2 0 2 3 #CWC\ SJ££ 6 0 0'CtcTff . #H§v£ 
NH 3 hltt*^fi^SiM(:L, TMAtT 

U nSffii&A 1 o. 07Gao,9 3 NA'77r-ll 1 1 £ 

[02033 &Wt\ 1 0 7 0°CKl_Bf . TM 

G. TMAfcitfnM^M^tf^fcLTS iH 4 Srjfflj3c 
iZhhitXm&L. nlA l 0i2 Ga 0i8 N^77 Hill 
12£0. 3/*m<7)Jl^ A l 0 . 0? Ga 0 . 93 NvStt/f 1 
13£0. 05jLtm^S(3SSL?t. 
[ 0 2 0 4 3 #V vc\ nffl^p«fl5|Rp^ftb 0 pM 

7Ftmnmxt>& (Etcp) 2 MgtztitmmzB 2 

H 6 *miSttZt>fr1tXi&teL. PiAl 0 , 2 Ga 0 , 8 N; 
77Ktll4J:0. 3/ J £m<7)JI£,. plGaN^y^ 
?h/1115S:0. 2jum<0^£®JIUt. 
[02053 *8ft«ft«FT». RJGSrtSrTV^-Ttf 

[02063 JMOSL Wi«»*Hfc^;**-*ftT* 
SG1*«* 0. iWpMGaN^y^^ h®l 1 5 

[0 2 0 73 <KWC\ P«*-S7?«»fflt*iN 
i/Au*««»JtJiDfffc:3l|3tfLfc. ^S?B 
600'CT^OiSL. pIGaN3y^^Mi 

[02 083 <KlrV*\ GaNSSl 1 0?)S®£i3fS 
U ttl OOjunUOffSfclLfc. -f-LT. GaNSSl 

i ocommiznmx-s vfwmtmxfo&Ti/A i 
zmmt. mmnm&T4 5 0K:ximmLx. nag* 

-vy^lil 1 7£&tiLLtz 9 



[02093 <x^x\ mmz^mtx. &$mm7o 

0 (OB&Lt + y Tftm t £firo fc . 
[02 1 03 013. 014. 01 5»4«fifiLfc 

jr 2 «>fi*2«-cfl* s nfc**«E»«<ofi!j<^)« * mm 

-fhtithnmxbh. 01 3. 014. 01 5<0 

wra, *mmkW\$^&\s-<fX'h o . 013^ 
*fci^-ir-o*i«EL 0i4(i^*i^-if-c7)^ai 

«*H»c*apSrfflT^BfHH. 01 5tt¥#ttl'— f- 

[O2ii]0i 3Mii szmfr&t. *mfti>> 

-if-^SJi«JSl 0 0 011 nIGaNifil2 01 
(C. niAIGaNfigA' 7 7r-112K nlAl 
0 .03Ga 0 . 97 NiSiaA7 7T-ll 22. nfA 1 0 . 07 
Ga 0t93 N^77Kll23, nlGaN^K112 
4. I n 0 . 15 Ga 0i85 N/I n 0 , 02 Ga 0 . 98 N^ILft-? 1 
#F*S14Jf 1 2 5 . pMA l 0 . 2 Ga 0 . 8 Njf 1 26. p 
lGaN^h'112 7, PSAl 0J7 Ga 0(93 N^7 
y Kill 28. P iGaN3^^Ml2 9;()«: 

[02 1 2] *l/C. piAl 0i2 Ga 0t8 NH26, 
pIGaN^HH127, pSIA 1 0 . 07 G a 0 . 93 
77H1128, plGaN3^;Ml29Cll 

[02 1 33 SJIflligl OOOii, pSGaNny^^ 
hJf 1 2 90SIKpIA lo.07 G a 0>93 N^^^F 

3fi8 0 0#»fi£S;flTv^. 

[02 143-etT. l J ^«£8 0 0<0fiflffi<0pffl 
GaN3y^^Ml2 9iCli, Ni/AuH^ 
pffiS^--^ 7^111 3 lWJ&f&ZtlX^i*. £fz. p 
mmAfflfiWtt. ttttSHR 1 3 0 fc LT. S i O 

[0 2 1 53 ^LT. aStf^l 000fc«SBft*U«y 

^sets o o t mtemmzmm&mm s o 1 . 8 o 2 

[02 1 63 GaNUl 2 0cD3M£W;. Ti 

/A 1 n(B*-Sv?tSffil 3 2*«»fiKS*iT 

[02 1 73 CC0^*U-1f-C0tiffi 131, 132 

[0 2 1 83 013, 01 4O*»*u-if-<J0 

1 000^Sg B H H ^MOCVDSTlT^^o ^"T. n 
SGaNiSl 2 0tBWfc*y hL. *»i:Wt 

ry^zr^^^t, 1 1 2or^Sn^L. s 

SI 2 0^®$r^U--v^L7t:, 
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[ 0 2 1 9 ] iaKSr 6 0 OtfcW, N H 3 b 

mmt*m<?>m.-%ifxwamx. TUAtrmGaxx/ 

iSA 1 GaNA' 7 7r-ll 2 1 £Jf«Ut:. 
[0220] ifcWC. l&KS: 107 CTCKJitf . ykSSIS: 
^f-c'jmtUTMG, TMA, nM^^XfXt 
LTS i H 4 £iffijftK£;b-£Tttl&U nlAl 0 . 03 G 
a 0 . 97 NaiSA'7 7 r-1 1 2 2 S: 1 /im(7)J|§ . nl 
A l 0 , 07 Ga 0 .9 3 N?77 KJfl 235:0. 5um<?>& 
nIGaNMKf 124J0. l/tmCOff$(cW 

[ 0 2 2 1 ] JKwe, *«#*<7){ftJ&S-its'x #Hm$r 
NH 3 i:^<7)iI^X#H^,{CL., i&£S:8 1 O'ClZ 
Tff, 'JT^XfcUTMG, TMI^ 

I n,, 16 Ga,. !S N/I n 0 , 0! Ga 0 , 9! N$iif 
#FySt4®12 5 (2^T) fcjSSUfc. 
[0222]^t. ^#ffl^5rNH 3 fc^i:7K^ 
<DiS-£#*#B§U::U 1 0 7 0°C£±{f , *3R 
Sr^-v VTtfXk. LtTMG, TMA, pgRFfcBHjlgeft 
CO (EtCp) 2 Mg, B,H B *fflJfite*;btfT«» 

PlAl,.2Ga 0 , 8 Nll 2 6 5:2 0 nm<DJ5;S N 
plGaN^ HJgl 275:0. lAtmCOiP£. piA 
1 o.o7Ga 0 .93N?7>y KJf 1 28£0. 5 umW 
pSSGaNav^hJHl 29Sr0. 2x*m<7)Jg£ 

[0223] tSAAAttTft* RJEWrtSrT^^Ttf 

[0224] HUM*. SW«l3B«fflfc'7 ! -^^-**T* 

aia***'). a« P iGaN3v??hii 29 
**fiffi«tr» h z t mm* tvfi . 

[ 0 2 2 5 ] &WC\ ^>-'Xh-Cifa4/ini<7)Xh5-f7* 
^•^->-5 r ^Ojgttf-/^-3 0 0Atm-C^ts Z<F>V 
iSAh^?-y£VA7b LT, *-;0. 7jum<?)S$5: 
F^-fx-yf-yi/L-C. U-y^'ffiJtSOOS-mLTt:. 

[0 2 26] L*»6f*, l/-/^h7^?Ji4L, -?-<7) 

fe^ais 1 3 0 ttch s i o 2 zmmffimcvm 

[ 0 2 2 7 ] &we\ pffly^-S-y^flil 3 lS^lE 
Lfc. p«*-S -y^mfiEl 3 l^&lSli&^jID 

is : JxYX'?*xy74-Tn?->z&&i,tdk. si 

O z ffit»8aKl 30?:X7fy/'U'J7y800± 
(TJpIGaNny^; hJfl 2 9 2:liaiS-a-|.. <y^ 
T. l^*.Xb5:Bfc*U 1 7xy\-gW; P W-S7; 

«wt«T**N i/Au5-ig«L^. -e<o&. mmm 

W%*P. 6 0 0°CT1»j!?iaL. p^GaNny^^hJl 
1 2 9 lc p HM"- 5 -v 1 3 1 Lfc. 
[0 2 28] £81 2OaKBl£0mU J*3 

£•#1 OO/unUcLfcf*. g« 1 2 0 n (1*- 

5 -y ?^flS*mr$>&T i /A 1 ZmMLtz. *cr>&. 



1 3 2 5-tBjSU:. 

[ 0 2 2 9 ] &WC iimflcu— y-«t*«»iftSiifc 
r>-xy\-5- y -y ^'8 0 0 (=fltbSK(c^£ J: 3 1;:^ M 
U 3K«i««5JSM8 0 1. 8 0 2 

[0230] 4fe, 016, 01 7, H18lit9&Lfc 

*?Sthtdt><?mvbh . Srfc, 0 1 6 . 0 1 7 , 0 1 8 

vmxit, *m&m;m?ii*mfti'-~9 t x'b*) . 01 
6«iNWcw-if-<o««H, 01 7tt^mwt5i^— tr- 

W3tajl*^l*JtSl&5r®T'coBfiffi0, I18(if«#W 
-if- 1 & £>«Jlfl§ jt^SfiK^f^^aiiaeS-UiB^ 
&fc«><O0T 

[02313 01 67^01 8*m&-t&t. 

— f-commffi&20 OOti. nIGaNSI140± 
fc, nIAlGaNfiiaA*'y7r-114 1, nlAl 
0. 03 Ga 0 , 97 NftiaAy 7 r-JI 14 2, nlA 1 0 . , 6 
Ga,. 85 N?77H1143, nMAlo.iGao.9NXf 
-fKJil44, GaN/A I 0 ., Ga 0 , 3 N$llf#F 
«Stt»14 5. pIA l 0 .!Ga 0 . 8 N1146. pIA 
l M Ga 0 . 9 NM FJ114 7. pfAl 0 . l5 Ga MS 
N^77K1148 1 piGaN3^?Ml49^ 

C0232]^LT. PlAI,. 2 Ga 0 . 8 Nil46, 
plAl 0 .iGa 0 . 3 N^ KJB147, pIA1 ms G 
a 0 .85N^5-y HJfl 48. pIGaNny^^Ml 

fZilX^t. 

[0233] »Jli!j£2000ii, pIGaNay^? 
M14 9^»^pIA1 0 , , 5 Ga,. 85 N^77 H 

M 1 4 Stol+itx y^y^^tL. SSSSMfc'J >y y« 
Jt9 0 0* t 7^fiES<lTV^S. 

[0234] *LT. 'J -y^itgOOtfO^M^pS 
GaN3>-^^hSl4 9±{Ct±. Ni/AuHW 
P«*-$ y?«fiil 5 lfr^^ft-CV^. 4fc. P 
fflhSffi»«a5«W4. *feMS«SEM 1 5 0 fc LT. S i O 

2 &mmztix\->h. 

[ 0 2 3 5 ] * lt , mmmm2 o o o tttss^y y 

=Jmm9 0 0 t«liaSii:tc:3Ti«SS«®9 01. 9 0 2 
tf&f&ZtlX^&. 

[02 36] 4fc. GaN£8l 4 0coma^«i, Ti 
/A 1 nffl|*-S y ?^1 5 2#7m£*Vt 

[0237] Cl<?)^«s:P— !f-cO«Sil 51, 152 

[0238] iXIZ. 016, 01 7C0^^U— tf-co 
f^«8*S5:SiH>1-r§. Srij, ^frl^—r-coa^ltjt 

2 000coJ£a^t±MOCVDffirtT-57t:. 4"T. n 
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Ty*:-T#A(r>m&tfX<¥. 1 1 2 OXXJl&feU g 
«1 4 0^®$-^'J--^^L^. 
[0 2 39] &WC\ 6 0 O-Ct-W . NH 3 fc 

M3tfc*^&-&#XS?B£\,T\ TMAfcTMGfcitf 

iSA 1 GaNA' 7 7r-il 4 l£tg«L*:. 
[ 0 2 4 0 } <fcl,vT\ *ag£ 1 0 7 0*ClC±tf . 
^'J7#XtUTMG, TMA, nI?MWxt 
LTS i H<$mJ&lZ*)i>i£XmteL. nlAl 0 . M G 
a,.„NI>ay\''y7r- Jf 1 4 2 2: 1 ju mCOJfS s nl 
A 1 o. i5Ga 0 .85N^7-y VMl 4 3£0. 5;um<7)Jl 
$s nlAl 0 .,Ga,, 9 N^ h'J1144£0. l//m 
cOlIStCJiS&giJf U &Wt\ GaN/Al M Ga,. 9 
N£Si^#FvSlUi 1 4 5 ( 3^T) SrW® Lfc. 
[024 1]^^', TMG , TMA, pSTOHMStf 
CO (EtCp) 2 Mg, B 2 H 6 5rffl^J,^Tttl& 
U plAl 0 . ! Ga 0 , 8 NH4 6?-2Onm<7)J|?, 
plA l 0 .,Ga 0 . 9 N^ Kjfl47£0. l^miOff 
S> PlAl 0 ., 5 Ga 0 . 85 N?77Kil48JO. 5 
^mcOff$. pSGaNnv^h/f 149£0. 2^ 

[0242] tSAl&ftttTffc. RJEtfrtfcT>' *-T# 

[0243] #iflf&. fl«Mffil:fX^-J^tl, 
gjia^O, »pIGaN3^?M14 9 
* { <KSUiT'J> 6 £ t *<51f2? tut . 

[ 0 2 4 4 ] &Wt\ l^^hTi|i4//mCOXh7-<r 
^-^SftOMLf -yf-3 OOAmtML. Z<OU 

[0 24 5] Lj6»4«, >y/;h7X?i&iiL s -?-c7> 
*e«§«HBi 1 5 0 i: =5rS S i 0 2 fcHSflKt^SlB 

[0246]aw. pfflS^-5-y^mSil 5 1 

u:. P(ii3t— s y?m«&i 5 i<r>m&LTmm.<r>m'o 

X'h%>. U y¥ffim9 0 0<n±.mz. 

Isitx bX byJT^f-yZ&f&LWk. S i 

Ottm&mm 5ojx 7 f>'/LT: i J7^9oo± 

«S*f »-C* & N i /A u £ pg* Lfc . *(Df£. 
H5v+, 6 0 0°CTiajO!aL, plGaN3^;M 
14 9(,Z P M*-$-y7W.mi 5 U»*Lfc. 
[0247]»^'. *t£l 4 0cO»®£??figU 
Srifrl OO/xmtLfcf*. 1 4 OcO&ffitCnfU:*- 
5 -y 9^®MmX'$>hT i /A 1 *C0®, 

mm%wfs>x4 5 oxrcmsu nm*-$- ■? 9mm 

[ 0 2 4 8 ] iKWC. 4*SW*U— «f-«B6*«Wl8$*lfc 



U 7fe*ffi#i«gM90 1. 9 0 2£J&£L<:. 
[0249] 

[%H^cOX&^] J£Lkfc:ftgiL& ffi$£lRlte> 
JHRCifUf. Mg^SsJn^iX^pMA l.Gad-.jN 
(O^xgl ) fcfcwc, mflBpSA l.Gaci-oN 
(0£x£l) MgtlSI^B^'j^IDSilT^S 

[0 2 50 3 4*:. W^3H2fBao^BfltcJ:iitf, m$. 

%h^wmu<r>mji<F>m*.(r)wmt tc*>x vvt pia 

l.Ga,!.,, N(Ogxgl) 0^^'jrJSJS*^<® 
[025i]#c, ¥«f^a#g#fg^<9*£fc:{i. 

^UtcOV-f Hdf-VyTOpMA l.Ga,!..^ (OS 

[0252] 4fc v W^Sie^cO^BBiciiitf, gg^ 
^ 2 lESJcO^frggtCfoV . P W*- S -y 9 W®k 

Btittz? bmizstmm 1 ^mmnmmim* 
mft*m^&<nx\ femuti^m^mtmmmm* 
t>tch *m#i£m<7>&vi<?>m*<7>im t % -> x v ^ p m 

1 0 2 5 3 3 £tz. to*94W!ton9tmtzittiX* 
fl2 4^{i»*fl3fe»co^^a(c:fcv^T. 

M£wiz*mftK%.m=FX'h o , ^^^•jt«sco p 

MA 1 GaN*5^f*c^7^^Cffiffl§nTV^iOT\ 

KmfFift^xhmidfi'jrKK. %^<r^{cm-tc^. 

£tz, pIA 1 GaNlia s - g r owntplitt?; 

mv<mt 5ti^v\ ^t. ft* j: o t>af^^ff*<ffi 
<, ^as^j, smife. ^mm&x-&=ix b<^^m^^t 
mnmmx'Zz. 

[02543 ztz. mtm5EJBL<r>9mzxtvu. m& 
m4tm<D*m#mm.izi3\^x , fne^ftSBfes^i 

lGaNJ^l/- tF-KteffiLT^Scyre. Ig^Fffi 
6i* { «!*<ot J cy)J:0tlK<, ^iitci-^T. iSaj73lftff 
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[ o 2 5 5 3 1 tz. immiiismmitm&u— r- 

f±. pIA 1 GaN?77 KJI<9* J ry7*ififi0 I {Bslr>fc 

— ©V^^DTitScOpMA 1 GaN/f£?7 
[02 56] p|AIGaNlias-grow 

n-c-pS#t4Sr^-r«oT\ p mtntzfrcnmwjwmz 
h ff)*m& u-?- zm&x- £ h . 

[0257] £ fc. fi^3!6fB^<7>^H3(cJ:ix{f . ff^ 
54^^JilS*3S5feK^#fl^g^fc^T. frie* 

mw.%^m^it, mM&#4 oon mOTT-*> o , P 

!AlGaN^7 7 FJf A 1 CDM8Mf&Jt&*Z < . 
iSV^ ■v'JTSISWpMA 1 GaNSrffiffl-rSdfc^-C 
£ &05t\ fia5T«S«T*-5fc4 0 0 n m&T^ifcft 

[0258] tti. msmsemn&mzxtitf. mm 

ffcSr? y -y Fflfcfflir i> 1 ocop - nJg-££ 

W LX H *) . Wkcoi I IJS'lfcif^ftl'-f-SfJ: 
Ot=¥^UrjSUK<7)aVipMA I.Gao-.jN (OSx 
^1) SrpM^^ xKStffifflL-CV^ScOf, IW^flffi 

<offiv^ H isaj^j, ^tft, Kfimo^Niflcu— tf-sg 
s-ttf*T-s&. 

[0 2 5 9] W*«8IS^«0»HJ(cJ:tl{f, Mg 
tWimiZBWmiUZtlX^&pglA l.Gad-.jN (0 

mmzmaLxnm^-rVTm&oA 1 .Gaj,.,, n 

(O^xSl) attA&ft fc . ^IStJf £f £-&tf#H^;^f 
A l,Ga (1 .,)N (OSxSl)«Oas-grownt 
^pMShPaA^ixS. 

[ 0 2 6 0 ] ifc, W««9fe«S^BHCJ:n{f , If* 
^8c0f^ffl^mtcSD^.T. WH 3 cr>ftMlz£->X*ks8. 

*«h*k\ j: 6 ? y -->-^^*^ 

mmnmmzx&mffimAnmtotmkX'Z 

[0 2 6 1 ] iJt. IS^Jfl OI£®^BHtCj;fLjf . M 



g b fflBiflZ B #SSflQ$ flf V ^ p W A 1 , G a , ! - , , N 
( 0 gxg 1 ) Sr. ^fgtf^^tfK^-CIS.ftJfcft 

%tfUH 3 tfXX'$>Z<DX', *<Dttmzl:'>X±!8.Zi\ 

£ ? 'j . S^^#Hm<7)^^ J; 9i>$ 

UTSIgcDpgiA l,Ga t ,. t ,N (O^xSl) £as 
-g r ownff^S!T#S. 

[0262]^^, h?#jh 1 1 eaowjutc J:*U*, M 

gi:|5lB#(cBjt) 5 8s!lD$ixT^i>pMA 1 ,Ga (l .,i N 

TCfcOs Mgt BS:|BI^ca^pLT<7)^-v 'J riag 
OAl.Gai.-oN ( O^xSl ) 0^f H ^i:, 
WR**tr #ffl^.^ 4>T'<7)^aJ fc 2rffl^^t>ii-.5 i i: 
X\ WfcMLfritiA l.Gan.oN (OSxSl)?) 
as-grown X'<F> pMSS^ff ^>il& . 
[0263] Al x Ga (1 -,)N (OSxgl ) ^'*Ji, 

T{±. ttfflSm=*£ft£fiRflCB*(, A 1 GaNcO 

*^accs^--rss^«tfog^^4i^-r&7ti6, a i 

mtv&miiwmitz tit . 
[0264] mmmfiiz x &&m<wmM. pia i g 
a n m?x'te% < . mm 1 1 imttMmfktz t,3»m*>*$> 
4©"c. #a:«^MSr«^i» 1 1 i&mimmmmmn 
mmm<7>f&ftMizj:2>&ittim±zti. masatntk^ 
&&* i m#giWizmm~?2>zktfx'£&. vt-ox. «e 

[0265] pM-fE<7)/i«>(30|Sij!{iaSr^i: 

x\ &axhX'*mft3imzim-thzb&x'Z2>. 
[0266] &tz % is^jsi 2Kmnmie.xtua. is 
^Ji i i ^m.ff^m^m.<7y^m-mi,za v %r . 

8£0^ffl?»^iDi.T, NH 3 ^^J:oT^$fL 
S*^tcJ:oT. &£k3mt l ze&mLX^&*&.mcoiM 

j: ^. ^ y --^rymtftm-z 

[0 26 7] fifoT. ta£5fcJ; 0 1 a- U T ffiS^) P 
lAl.Gad-.jN (OSxSl) hs-grown 
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stmmzBtfmMztix^&pWA i.Ga,,.,, n 

JKA>t>^»Sr . N HjtfJfcaWHSVCfT* 3 «t d tcfc 

JJW=J: oT^SftftIl^#^fcJ:ft*Sift*ffi<0#jff 
«BB0»*i:*«fc J: 6 ? 'J --^ft* . MtifX* 
WfS&i&isS. 0 fc *WR«fc:»4i . ***** 

OtftV^A-UrmKcOpMA l.Ga,,.,, N 
(OSxSl) Jas-growntffItl5. £*l 

0-e*ft. 

ft. 

ft. 

[04 3 *mi&&h^K.mmv>fov>nrm*7Frtm 

[05 ] *«BBCfiS«iN»*^S^ffi^«jR0!IS:^-r0 
T'&ft. 

[06] ^^plAI.Gau^N (O^xS 1 ) 
cO*g B B B ^S«cO^a]iiS&iKB^-|.^i6c7)0T'*>S . 
[07] 7* h^:*-K<OH9J£^-r0T-«>ft. 

[08] 07*07* bmr-\tt*&mmmm<D&i& 
[09 ] ? * vy-i it- vn-mtt-tmvhh . 

[010] 09cO7* *-Ffc**SWNII»«08 
ft**SW«WiIiia*«W*- ft ft»«5HTft ft . 

[01 13 m^m^ty^Tt-Y^-m^^tmv 

[01 2] HI 1<0^**E^^4*-Ffc**« 

CHI 3] 4^U-lf-^^Sr5^-j5|«Hr*6. 
CHI 4] 01 3co^f*P- if-c7)7KailW^(caffi 

[01 5] 01 3, Hl4tf)¥flM*U— f-kSrJWI 
[01 6] ^ft\s-V-(D^te7tt®1$m?t>Z>. 

[01 7 ] 01 6 co^fou~^-(7)ftiti$ttmzmw: 

[0181016, 01 7<^^ftl^—r--*:3:SSJI 

[0i 9] ee*co^««six-if-?:^-r0T'$)i>o 



1 0, 20, 40. 60. 80 



8 1 iSGaNA' 7 7r-l 
plAl 0t08 Ga 0>92 N Jf 

1 NAy — ® 
nM Al 0t03 Ga 0 , 97 N3^ 

niA 1 o.07Ga O(9 3N^77 

I n 0 . i7Ga 0 . 8 3N^1Sa 

PIA 1 o.07Ga 0 ,9 3 N^77 



11,41 
12,82 
2 1. 

22. 62 

2 3, 12 3 
KJf 
24 

25, 128 
Kil 

26, 69. 115, 129. 149 pIG 

27, 47. 70. 1 04, 1 3 0. 1 50 

28, 48, 71. 95. 105, 116, 131, 1 
5 1.1 7 0pH*-S7?tS 

49, 72, 96. 1 06, 1 1 7, 1 32, 1 
1 7 1 nM*-$v7WM 
5 0, 73, 107 Si^m^ 



29 
52 
30 
4 2 
4 3 



{&i&nm Al 0 ,iGa 0<9 NA' 7 7r- 



44, 92, 1 02 



niA 1 



0. 08 



Ga 



0.92 



N 



4 5, 
Nil 
4 6, 
6 1 
6 3 
64, 
6 5, 
Ga 
66, 
67, 



93, 103 



Pi A 1 o. 08 Ga 0 . 92 



94 



124. 
1 2 5 

12 6 
12 7, 



68 

9 0, 1 0 0, 
niGa 
9 1, 10 1 

1 1 1 
r— /§ 
1 1 2 
1 1 3 
1 1 4 

12 1, 14 1 



12 2. 14 2 



A 1 N^tvri 
A 1 GaNfiiaA' 7 7r- Jl 
niA 1 0 . 08 Ga 0>92 N?^ >y K/f 
164 nlGaN^b'l 
I n 0tl5 Gao (85 N/I no. 02 
^#F^Sfiyi (2^T) 

PIA 1 o.2Ga 0 , 8 Nl 
167 pSGaN^Hf 
PIA l 0 .08Ga 0 , 92 N^77HI 
110, 120, 140, 160 



Inl Al 0 ,iGa 0 .gNA 
nl A \ 0 ,oiOa 0 ^ 3 NiSM^yy 

nSAl 0 , 2 Ga 0 , 8 N;77Hl 
A 1 o. 07Ga 0 . 93 N*£tt/l 
pSA l 0 .2Ga 0 , 8 N^77 Hil 

nSJA 1 GaNffifflA' 7 7r 

niA lo.o3Ga 0 .97NHa 
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A ''^r-i 16 5 I n 0 . 05Ga 0 .95N/I n 0 . 2 Ga 0 . 8 

1 4 3 nSA 1 o. 15 G a 0 . 86 5 y K/i N*««^#FWBteO«gttJB 

144 nl Al 0(1 Ga 0t9 N^b'l 166 pIA 1 0 . 3 G a 0 . 7 N*t7rffl 

145 GaN/A l 0 .iGa 0 . 9 N^MJ|^# 168 PiA l 0i2 Ga 0 . 8 N/GaN@}gf 

146 PlAI 0 .2Ga fl . 8 Nl 169 pSGaNny^^M 

147 pI Al 0il Ga 0t9 N*'>f Hi 201. 202. 700 3fctBSt«B 

148 pIA l 0 .i5Ga 0t86 N^77 KJf 203. 300. 500. 600 S3tffi 

161 nIGaNi»)^SI2^<77r- 400. 800. 900 ^85^ U v i^tSst 
1 401,402, 801.802.901.902 

162 nil n 0tl Ga Q , B N?7v1?m±m 

163 nlAl 0 . 2 Ga 0t8 N/GaNiSf 1000. 2000 ^mfcU—f-nmrnffi 



[01] 




IM2] 
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[03] 

30 




[04] 



300 
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ime] 



N3 H2 



VUHy 



% W W N2 

^IC UMHy H2 



N2 » 


WHy K2 


H2 « 


lOTHy 






82 


• 




81 
80 



NH3 



K2 H2 





H2 






NHJ 




H2 


H2 


NH3 



NH3 * "3 



K2 NH3 NH3 "2 

* 93 

91 
90 



[07] 



hv 

600 / 94 



95 



- 93 

— 92 

* 91 

" 90 
96 



107 v 105 



500 



102-^^^ 






— - ioi i 


i — fl 











104 



100 
106 
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[HI 0] 





mi 

H2 
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